Purpose: To evaluate whether inhibition of the proinflammatory cytokines IL-1b or IL-17A by canakinumab or secukinumab, respectively, influence the signs and symptoms of dry eye.
T
here is evidence suggesting that inflammatory cytokines play a role in the pathogenesis of dry eye. 1 For example, the cytokines IL-1, IL-6, TNFa, IFNg, and IL-17A (or the mRNA encoding them) are elevated in the tears or conjunctiva of patients with dry eyes. [2] [3] [4] [5] Inhibition of proinflammatory cytokines reduces the severity of dry eye in animal models. 6 IL-1b and IL-17A are 2 inflammatory cytokines proposed to be key players in the pathogenesis of dry eye. One conjecture to explain the cytokines' hypothetical role in dry eye is that desiccation of the ocular surface provokes an IL-1b-mediated afferent immune response in local lymph nodes, which in turn elicits an IL-17A-mediated efferent response in the ocular surface and lacrimal glands. 7 The efferent response undermines the eye's ability to maintain a healthy tear film and ocular surface, thereby causing further desiccation and an inflammatory, positive feedback loop.
Canakinumab and secukinumab are human monoclonal antibodies that neutralize IL-1b and IL-17A, respectively. Both drugs have demonstrated efficacy in humans with diseases mediated by the respective cytokines. For example, canakinumab effectively treats diseases in the category termed cryopyrin-associated periodic syndrome (CAPS) and systemic juvenile idiopathic arthritis in which IL-1b is excessively expressed. 8, 9 Secukinumab reduces the severity of psoriasis, a skin disease that is mediated in part by IL-17A. 10 We used both antibodies in a clinical trial to test whether either would ameliorate the signs or symptoms of dry eye.
METHODS Ethical Review and Public Disclosure
This study conformed to the Declaration of Helsinki and was approved by the institutional review board that oversees the site where it was conducted. It was publicly disclosed in ClinicalTrials.gov with the identifier NCT01250171. A summary of results that overlaps with what is presented in this article can be found at https://clinicaltrials.gov (study NCT01250171).
Study Patients
Male and female patients aged 18 to 85 years were recruited for this trial from November 2010 to September 2011 in New England. Patients were eligible for this study if they had moderate to severe dry eye including all of the following features in at least 1 eye: (1) dry areas on the corneal surface determined by a fluorescein staining score of 3 or more in at least 1 eye and a score of at least 2 in at least 1 zone of that eye; (2) a tear film breakup time (TBUT) ,7 seconds; (3) reduced basal tear production as determined with a Schirmer test without anesthesia (from 0 to 10 mm wetting over 5 minutes in at least 1 eye); (4) conjunctival redness of at least 1 on a scale of 0 to 4; and (5) an ocular surface disease index (OSDI) of moderate to severe. [11] [12] [13] [14] [15] If only 1 eye met all the inclusion criteria, it was designated as the study eye; if both eyes met the criteria, the worse eye was selected as the study eye. With regard to the OSDI, the protocol had no threshold score defining "moderate" or "severe." The examining clinician made the judgment about severity based on the sum of all scores and the number of questions answered, as per the OSDI directions.
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Key exclusion criteria were a body weight above 120 kg, use of topical cyclosporine within 60 days before screening, and exposure to any immunosuppressant drug within 3 months before randomization. Patients with Sjӧgren syndrome, graft-versus-host disease, a history of a thermal or chemical burn ocular injury, or Stevens-Johnson syndrome were excluded because the mechanisms by which they produce dry eye may be different from those causing the more common forms of dry eye, as the goal for this trial was to evaluate cytokine inhibition in the more common forms of dry eye. Also excluded from the study were patients who wore contact lenses, who had previous corneal refractive surgery in either eye, or who had punctal occlusion within the previous 6 months. No periocular cosmetics were allowed during the course of the study. A more detailed list of inclusion and exclusion criteria can be found at ClinicalTrials.gov.
Randomization and Masking
Seventy-two patients were enrolled and randomized into 3 treatment arms at an intended 1:1:1 ratio. Both patients and physicians and staff evaluating them were unaware of the treatment assignments. Patients in one group received a single intravenous dose of canakinumab on day 1; patients in another group received a single intravenous dose of secukinumab, and patients in the third group received an intravenous dose of placebo (5% dextrose). Doses of the antibodies were 10 mg/kg of body weight in a volume of 240 mL and infused intravenously over 2 hours.
Study Design
Outcome measures were planned for the baseline visit before the dose of study drug and 1 week, 4 weeks, and 8 weeks after the dose. The prespecified primary outcome was the change in the corneal staining scale score (mean of 5 corneal areas per eye; lower scores are better) of the study eye at 4 weeks compared with baseline. Prespecified secondary outcomes were (1) 14, 16 In addition, patients were instructed to stop taking any artificial tear eye drops during the trial. The sixth and final prespecified secondary outcome was the frequency of patients' desire to use artificial tears, as recorded in a diary. Another set of exploratory endpoints involved placing patients for 90 minutes in a dry environment (humidity , 5%). 17, 18 Assessments of corneal staining, tear production, OSDI, TBUT, conjunctival redness, and visual acuity were measured before and after the dry environment at the baseline, 1-week, 4-week, and 8-week visits. The primary endpoint (corneal staining score at 4 weeks) was specified as being before exposure to the dry environment. Secondary endpoints were evaluated both before and after the dry environment exposure.
Blood samples to measure drug levels were drawn immediately before the dose and 2 hours, 4 hours, 7 days, 28 days, and 56 days after the dose. In every patient, the concentrations of the drug were consistent with the known pharmacokinetics of the respective drug.
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Statistical Methods and Rationale for the Sample Size
The NEI corneal staining scale (NEI-CSS) score was averaged across 5 areas of the cornea in the study eye, and it was assumed to be normally distributed as verified in simulations. The study was designed to detect a 30% difference in the change from baseline in the NEI-CSS of active treatment vs. placebo. The power for the 1-sided t test on a 10% alpha level was derived assuming a mean average NEI-CSS score of 1.4 after placebo treatment and of 1.0 after active treatment giving a treatment difference of 0.4 at week 4. The SD of the difference was assumed to be 0.6 based on the SD reported by Tauber et al. 20 The goal was for 24 patients to be enrolled in each of the 3 arms, with the intention of at least 20 in each arm completing the study. If the data from 20 completers in each group were available, the power to detect a 30% difference in the NEI-CSS score was calculated as 94%.
For the Schirmer test, TBUT, and OSDI, the change from baseline was evaluated. The normality assumption was questionable for all secondary outcome variables. Using WilcoxonMann-Whitney tests, for a treatment difference of 35% to 40%, the power to detect a significant treatment difference in the change from baseline was over 80% for each of these 3 variables. The desire for topical lubricant use was recorded on days 1, 8, 15, 22, 29, 36, 43, 50, and 57 (day 1 = the day of the dose). On each day, how often the desire occurred was recorded as 0 times, 1 to 5 times, 6 to 10 times, 11 to 15 times, 16 to 20 times, 20 to 25 times, and 25 or more times, to be summarized per treatment as counts and percentages in each category. The percentage was calculated as relative to the number of patients with any data reported on that day in the respective treatment group.
RESULTS
Seventy-two patients were randomized. One patient was not given drug and was excluded from all analyses, leaving 71 patients who were dosed. One dosed patient was mistakenly given the wrong study medication (secukinumab instead of canakinumab) and another patient, who was randomized to canakinumab, received only a partial dose. The results of these 2 patients were excluded from evaluations of efficacy but included in evaluations of safety.
Patients in the treatment arms were similar in age and other demographic characteristics (Table 1) . At baseline, there were no major discrepancies in the severity of dry eye between the treatment arms, based on the dry eye features that were monitored in this study.
Adverse Events
All adverse events were mild or moderate in severity (Table 2 ). Adverse events in the category "infections and infestations" were most numerous and were at a similar rate across the treatment groups.
A greater incidence of "eye disorder" adverse events was noted in the canakinumab treatment group (one event in each of 3/22 patients) and the secukinumab treatment group (5/25 patients had a total of 6 events) compared with the placebo group (no events in 24 patients). With the exception of conjunctivitis of moderate severity, the "eye disorder" events (retinal hemorrhage, conjunctival hemorrhage, conjunctivitis, macular degeneration, itchy eyes, eye pain, and eyelid disorder) were considered mild and did not require medication. None was suspected by the respective treating physicians to be treatment related. With the exception of 1 secukinumab-treated patient, no patient had more than one "eye disorder" adverse event. The exceptional secukinumab-treated patient had both itchy eyes and ocular discomfort 7 days after the dose.
There was 1 serious adverse event. During the followup period 20 weeks after receiving the dose of secukinumab, a patient developed acute diverticulitis of moderate severity that required hospitalization. The treating clinician considered the event to be unrelated to the study drug.
Efficacy
Twenty-eight days after treatment, there was no substantial difference in the primary outcome measure (the change in the corneal staining score) between patients treated with canakinumab, secukinumab, or placebo (Table 3) . Specifically, patients who received canakinumab had their "Investigations" includes abnormal results of laboratory blood tests, x-rays, etc. *In the canakinumab arm, one patient had a mild increase in heart rate at day 1; another patient had a mild decrease in bone density reported at day 3, a mild decrease in the white blood count at day 20, and a mildly abnormal liver function and a mild decrease in weight at day 58; 2 patients had mild decreases in white blood cell count at either day 28 or day 43.
†In the secukinumab arm, one patient had a mild increase in blood pressure at day 29. mean corneal staining score fall by 0.1 6 0.5 (P = 0.62 compared with the placebo), the mean score of patients who received secukinumab fell by 0.2 6 0.4 (P = 0.22), and the mean score of patients who received saline fell by 0.3 6 0.5. Ocular evaluations at days 7 and 56 similarly indicated no substantial effects of the drugs (Fig. 1) .
Similarly, there were no substantial effects observed in most of the secondary outcomes 28 days after the dose of the study drug or placebo ( Table 3 ). The daily frequency of a desire for artificial tears was similarly distributed across treatment groups (Table 4 ). There was a numerical increase in conjunctival redness in patients taking canakinumab Each table box gives the mean value for a particular treatment group, the mean change calculated as the values at day 29 minus the values at baseline, and the P value for the comparison of that group with the placebo group. All values pertain to the study eye except for the OSDI, which has components that refer to both eyes. FIGURE 1. Course of cornea staining for each of the 3 treatment groups (placebo, canakinumab, and secukinumab) at 7, 28, and 56 days after the dose. The error bars denote 1 SD from the means.
(P = 0.04 compared with the placebo, not corrected for multiple comparisons). However, the difference compared with the placebo was due more to the reduction in redness in the placebo group (redness reduced by 0.3 units) rather than worsening of redness in the canakinumab group (redness increased by only 0.1 units). Also, the magnitude of the worsening was smaller than what has been reported for normal diurnal fluctuations (approximately 0.4 units). 21 No substantial drug-related effects on secondary outcomes were apparent 7 days and 58 days after the dose (see ClinicalTrials.gov). Finally, there was no apparent effect of the study drugs on the patients' responses to the controlled adverse environment at any day it was evaluated (data not shown).
DISCUSSION
The results of this clinical trial indicate that systemic inhibition of IL-1b or IL-17A does not have any effect on the signs or symptoms of dry eye. There are various explanations for these results. First, it is possible that the drugs did not achieve sufficient concentrations in the conjunctiva to neutralize their respective cytokines. However, when canakinumab is given systemically to patients with CAPS, the conjunctival inflammation, which is a feature of this disease, subsides.
22
In Muckle-Wells syndrome (a form of CAPS), conjunctival inflammation also responds to systemically administered anakinra, a biological drug that competitively blocks the receptor for IL-1a and IL-1b (IL1R1). 23 Similarly, in a mouse model of dry eye, systemic neutralization of IL-17A with an antibody improved the ocular surface epithelial barrier function and reduced the expression of matrix metalloproteinases. 5 Furthermore, the doses used in this trial (10 mg/kg) are above or at the upper end of the range of doses that are efficacious in the other diseases treated with them. The pharmacokinetics of both canakinumab (with a half-life of 21-31 days) 24, 25 and secukinumab (with a half-life of 22-31 days) 19 are such that drug levels are systemically still at least 25% of the maximum concentration (C max ) 4 weeks after a single dose.
Another possible explanation is that dry eyes recover slowly after the inflammatory cytokines IL-1b or IL-17A are reduced and that efficacy might be seen with longer followup. For example, psoriatic lesions continue to subside after the first month after initiation of secukinumab therapy, 26 and one might speculate that the response of dry eyes to a reduction in inflammatory cytokines takes longer than 4 weeks. However, the patients with dry eye in this study had an additional follow-up visit 8 weeks after the dose, and the outcomes measured at that visit were similar to what was observed at 4 weeks; namely, no efficacy was seen ( Fig. 1 ; see also ClinicalTrials.gov). The alternative speculation that the effect might be short-lived is unlikely because efficacy was also not seen 1 week after the dose ( Fig. 1 ; see also ClinicalTrials.gov, study NCT01250171).
The systemically administered placebo enabled the study to be double-blind and avoided problems inherent in the use of a topical (ie, artificial tear or vehicle) comparator. The patients in our trial were instructed to stop all topical drops. None of the clinical measures changed in the placebo group to a clinically significant degree. The small improvements that were observed were comparable in magnitude to those found in vehicle control groups in some other dry eye clinical trials. For example, average corneal staining scores in the placebo group in our trial were 1.7 at baseline, and they decreased 0.3 units by week 4 (Table 3 ). In comparison, in a trial of topical cyclosporine, the score in the vehicle control group was approximately 2.7 at baseline, and it decreased by 0.5 to 0.6 units 27 ; in a trial of topical anakinra, the mean score in the vehicle control group was 1.7 at baseline and decreased by 0.3 units. 28 The similar reductions in control arms with or without vehicle control drops suggest that some or all of the effect is due to regression to the mean.
Amparo et al 28 reported a clinical trial of anakinra (a competitive inhibitor of the receptor IL1R1 that would block signaling by both IL-1a and IL-1b) administered as eye drops to patients with dry eye. Patients were treated with topical anakinra formulated at concentrations of 5%, 2.5%, or 0% (vehicle). Compared with the baseline values, there was a numerical improvement in the corneal staining score in all 3 groups after 6 weeks and 12 weeks of treatment. The improvements compared with baseline in the 2.5% group were the most striking (P values of 0.01 at 6 weeks and ,0.001 at 12 weeks), and the 2.5% group fared better than the 5% group. However, in comparison with the 0% (placebo) group, the improvements were insignificant (P values ranging from 0.12 to 0.88), which suggests that much of the efficacy might be due to the vehicle or due to a placebo effect. It is unclear why local neutralization of the IL1R1 receptor, which would presumably exist in the cornea and conjunctiva only for a short time after each eye drop, would be more efficacious than the systemic continuous suppression of IL1b provided by the high intravenous dose given in our study.
Although there have been more than 100 reports of clinical trials testing a variety of agents for patients with dry eye, according to a review, only 1 study reported a clearly negative result as ours did. 29 That trial tested an anti-TNFa antibody (etanercept) given systemically to patients with Sjӧgren syndrome. 30 Like our study, that trial involved a systemically administered inhibitor of a proinflammatory The entries in the table are the proportions of patients reporting the desire for topical lubricants (artificial tears) at specified frequencies on the baseline day before the study drug was dosed and 28 days after the dose. Some of the patients failed to report the frequency of the desire for tears on some of the study days, so the percentages are calculated relative to the number of patients reporting for each particular day.
cytokine. Also, like our study, there were minimal effects observed in the placebo control group.
The absence of an apparent effect of canakinumab and secukinumab on dry eye may indicate that IL-1b and IL-17A do not play a major role in the disease. Other biochemical pathways or other cytokines might be more important in the pathophysiology of moderate or severe dry eye, or perhaps the simultaneous neutralization of more than 1 cytokine is necessary for a therapeutic effect. Another possibility is that inflammatory pathways might be important only in patients with immune-mediated ocular surface disease (such as Sjӧgren syndrome); such patients were not included in this study.
